The kinetic properties of a maltase-glucoamylase complex with a neutral pH optimum, purified to homogeneity from the brush borders of the rabbit small intestine, are described. It has a broad range of substrate specificity, hydrolysing di-and polysaccharides with a-1,4 and a-1,6 linkages. The Km and V,,,. values of the enzyme for the various substrates were determined. Starch and maltose were its best substrates. The kinetics of hydrolysis of two synthetic linear maltosaccharides, namely maltotriose and maltopentaose, were studied. Mixed-substrate incubation studies revealed the presence of at least two interacting sites on the enzyme, and the data were further analysed by the use of a number of non-substrate inhibitors.
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Glucoamylase (EC 3.2.1.3) is an exo-enzyme that splits glucose residues directly from starch. It has a broad range of substrate specificity, acting on disaccharides, oligosaccharides and polysaccharides with a-1,4 and a-1,6 linkages. The glucoamylase ofthe small intestine, which is of brush-border origin, has been purified from the monkey (Seetharam et al., 1970) , rat (Schlegel-Haueter et al., 1972) , human (Kelly & Alpers, 1973) and the rabbit (Sivakami & Radhakrishnan, 1973 ). An a-glucosidase of lysosomal origin with an acid pH optimum has been purified and characterized from a number of tissues. Thus the properties of the acid a-glucosidases from bovine spleen (Fujimori et al., 1968) , bovine liver (Bruni et al., 1969 (Bruni et al., , 1970 , rat liver (Lejeune et al., 1963) , rabbit liver (Belenki & Rosenfeld, 1972) , rabbit muscle (Palmer, 1971a,b) and human placenta (De Barsy et al., 1972) have been studied in detail. The acid a-glucosidases in general possess more than one catalytic site, as shown by kinetic studies with the enzyme from rabbit muscle (Palmer, 1971a,b) and rat liver (Jeffrey et al., 1970a,b) . Among the intestinal disaccharides, the maltase-sucrase-isomaltase complex (Kolinska & Semenza, 1967; Swaminathan & Radhakrishnan, 1970) and the lactase-phlorrhizin hydrolase complex (Birkenmeier & Alpers, 1974; Ramaswamy & Radhakrishnan, 1973 have been shown to possess more than one catalytic site. However, the kinetic data on the human intestinal glucoamylase (Kelly & Alpers, 1973) indicate the presence of only one binding site.
A simple procedure based on the affinity of the enzyme for Sephadex G-200 for the isolation of rabbit intestinal glucoamylase in a homogeneous form was described previously (Sivakami & Radhakrishnan, 1973 (pH 5.4-8.0) . Similar activity profiles were obtaimed in both the buffer-systens 'with each of the substrates (Fig. 1) . The hydrolysis -of maltose is maxinmum at pH7.0, with a shoulder on the graph at pH6.2. The hydrolysis of starch-is : -, .
-, Inhibition by glucono-3-lactone. The competitive inhibition of mammalian glycosidases by aldonolactone was shown by Levvy & Conchie (1966) and Levvy et al. (1964) . Glucono-3-lactone competes with the hydrolysis of both maltose and starch. The inhibition constants were 13.5 mM (maltose) and 10 mM (starch).
Inhibition by polyols. Tris is a well known competitive inhibitor of the mammalian glycosidases. Similarly with glucoamylase, the inhibition by Tris is competitive with respect to both starch and maltose. The inhibition constants were 100mm (maltose) and 33.4mm (starch).
Pentaerythritol inhibits starch and maltose hydrolysis non-competitively. The inhibitor constants were 150mM (maltose) and 250mr (starch).
The inhibition by glycerol was dependent on the nature of the substrate. Although glycerol is a competitive inhibitor of hydrolysis of starch, it inhibits the hydrolysis of maltose non-competitively. The inhibition constants were 150mM (maltose) and 174mm (starch).
Inhibition by sucrose. As mentioned above, the enzyme is devoid of sucrase activity, but sucrose competitively inhibits the hydrolysis of starch and Among other sugars tested, Schardinger dextrins, raffinose, melibiose and lactose did not inhibit either maltase or glucoamylase activity; cellobiose and melizitose, however, did inhibit both activities to a small extent, but the kinetics were not further investigated.
Inhibition by moniosaccharides. Galactose, mannose, fructose and xylose inhibit both maltase and glucoamylase activities (Table 3) . Arabinose inhibits only glucoamylase activity. The kinetics of inhibition by mannose and xylose were investigated; both the monosaccharides are uncompetitive inhibitors of maltase and glucoamylase activities.
The inhibition patterns were analysed by replotting the slopes and intercepts of the reciprocal plots against inhibitor concentration, as suggested by 1976 (Fig. 5a ). The paraboli Cleland (1970) , is caused least two molecules of in Glucono-3-lactone, which of both substrates, also g plots (Fig. Sb) . But Webb (1963) , Yonetani & Theorell (1964) and Semenza & von Balthazar (1974) . In our experiments, we found that therewas no mutual competition between the -two competitive inhibitors Tris and trehalose, since the two straight lines cross at a point , ,
to the left of the ordinate (Fig. 6) 
Discussion
The pH/activity profile shows that two states of ntaerythritol, which is a ionization of the enzme, namely those at pH6.2 r, when the values of and 7.0, hydrolyse maltose efficiently. However, st.inhibitor concentration, pH7.0 is the optimum for maltose, the activity at ined with both substrates.
that pH being highest. The hydrolysis ofstarch is also ined have been confirmed maximum at pH7.0, though the rate of hydrolysis is ,iprocal of velocity diredtvery similar in the pH range 6.2-6.8. entration (Cleland, 1970) The variation of Km and Vmax. with pH shows that c pattern, according to a group with a pK of about 5.7 is involved in the by the combination of at binding of maltose, and in the hydrolysis of both hibitor with the enzyme. maltose and starch. But an acidic group with a pK is a competitive inhibitor of about 4.3 is responsible for the binding of starch.
ives a parabola in Dixon
The difference in the mode of binding may be due to ose and Tris give straight the large differences in size and structure between us inhibitor concentration maltose and starch. It is noteworthy that the glucoamylase of the rabbiti snmll intestine differs from human inte&tinal enzyme (Kelly-& Alpers, 1973) : There is probably only one catalytic site in the human enzyme, and it is Also most active on, oligosaccharides containing five to nfine glucose residues' An increase in the number of glucose residues above nine, or a decrease below five, increases the Km value. The rabbit intestinal enzyme, on the contrary, is most active with starch and maltose, and oligosaccharides with three or five glucose residues have a significantly higher Km when compared with maltose or starch. But the Vmax. values do not alter very much with the size ofthepolymerwiththerabbit enzyme, The,human intestinal glucoamylase,;-however, showed a steady decrease in Vmax. with increase in polymer length.
The intestinal glucoamylase is associated with maltase activity in all the animal species studied, namely the rat (Schlegel-Haueter et al., 1972) , rabbit (Sivakami & Radhakrishnan, 1973 , monkey (Seetharam et at.! 1970) and the human (Kelly & Alpers, 1973) . The maltase'and glucoamylase partial activities show identical behaviour on heat inactivation and during ion-exchange column chromatography, and have not been separated so far in any of the animal species studied. However, the 'maltase and glucoamylase activities of the acid a-glucosidase of rabbit liver have been separated by electrophoresis in the presence of urea (Belenki & Rosenfeld, 1972) .
Probably a separation of the subunits of these complexes would reveal more information about the catalytic and binding sites.
